













































































































































































GRAVES MOUNTAIN 31

ridge, is a large block of quartzite about 15 feet on a side, having the
rough pitted surface with protruding kyanite that is characteristic of
the quartzite of Graves Mountain. Further similarity is offered by the
presence, in the quartzite of the Wingfield plantation, of disseminated
pyrite crystals which have been altered to granular hematite, of quartz
veins cutting the quartzite, and of quartz-sericite schists adjoining the
quartzite on the northwest in the same position as at Graves Mountain.
Dissimilarity is suggested by failure to find rutile, pyrophyllite, or
lazulite in the quartzite of the Wingfield plantation. The strike of
the long axis of the outcrop of this quartzite, the long axis of Graves
Mountain, and a line connecting them are roughly parallel, trending
N. 60° E. However, no quartzite could be found along the 11-mile
line between the two outcrops.

ORIGIN OF THE KYANITE-RUTILE-LAZULITE
MINERALIZATION

Watson' concluded that mineralization at Graves Mountain has been
of three types:

(1) Kyanite, lazulite, and some rutile he regarded as the product of
dynamic regional metamorphism; (2) the quartz veins carrying rutile
and hematite as products of the deep vein zone; and (8) pyrophyllite,
“from solution as the final stage of genesis.”

Jonas® regarded the alteration of kyanite to muscovite as evidence
of retrogressive metamorphism.

The principal cbservations pertinent to the genesis of the Graves
Mountain mineralization are:

1. The distribution of kyanite is determined mainly by fissures and
quartz veins.

2. Kyanite occurs in the quartz veins.

3. Pyrite is the source of the hematite.

4. Rutile is most common where hematite is most abundant.

5, Lazulite and disseminated kyanite occur together.

Observations on other Georgia deposits which give genetic information
are:

1. Quartz veins in the Tate quadrangle, described on pages 23-25,
contain large bladed kyanite crystals.

2. At Gumlog Mountain tourmaline is associated with the quartz and
is not regional (p. 22).

These observations lead me to conclude that the mineralization
at Graves Mountain is of hydrothermal origin. The kyanite-rutile-
lazulite-quartz group of minerals were deposited in the deep vein zone.
The pyrophyllite, though probably a later and lower-temperature min-
eral, is likewise hydrothermal. It is possible that the sericitization of
the kyanite coincided with the introduction of the pyrophyllite and
was not true retrogression. -

1Watson, T. L., and Watson, J. W., op. cit., p. 220.
2Jonas, A. 1., Kyanite in Virginia: Virginia geol. Survey Bull. 38, p. 14, 1932.
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ECONOMIC VALUE OF THE GRAVES MOUNTAIN DEPOSIT

At the present time it appears unlikely that the Graves Mountain
kyanite deposits could be mined with profit. Though large quantities
of quartzite carrying possibly 10 per cent of kyanite are in sight, much
experimental work on methods of concentration must be done before
the value of the deposit is established.

KYANITE IN TALBOT AND UPSON COUNTIES
by Geoffrey W. Crickmay*
TOPOGRAPHY

Western Midland Georgia consists of a maturely dissected upland,
the Greeneville Plateau?®, whose altitude over most of its areal extent
ranges from 700 to 900 feet. In Upson and Talbot counties the rolling
upland surface is surmounted by a number of sinuous quartzite ridges,
which rise 100 to 4060 feet above the upland. These ridges are part
of a belt of hills that extend, with interruptions, from Chattahoochee
River in Harris County to Barnesville, Lamar County, a total distance
of about 65 miles. The belt consists of two main ridges, a northern one
called Pine Mountain, and a southern one known as Oak Mountain.
The mountain belt is crossed by only two streams, Flint River and
Potato Creek, which have carved out valleys 160 to 400 feet deep.
Due to the ruggedness of the ridges and the stony character of the
soils that cover their slopes, they are but sparsely settled. The upland
that surrounds the hill section 1s, however, one of the most populous
rural sections in the state.

GENERAL GECLOGY

The mountain belt described above is underlain by mica schist,
biot{te gneiss, and quartzite probably of pre-Cambrian age, collec-
tively known as the Pine Mountain series.®* The series comprises two
formations: the Hollis quartzite,* overlain by the Manchester formation.®
The Hollis quartzite consists of about 400 feet of medium to fine-
grained micaceous quartzite, which, on account of its resistance to
erosion, forms the core of many of the ridges. The Manchester forma-
tion is made up mainly of scaly mica schist and garnet-biotite gneiss.
It includes a prominent quartzite member, 50 to 300 feet thick, about
850 feet above the base. All these rocks are classed as metamorphic
for their original characteristics have been entirely surplanted by a new

Assistant State Geologist of Georgia.

2L.aForge, Laurence, Physical geography of Georgia—The central upland:

" " Georgia Geol. Survey, Bull. 42, pp. 77-80, 1925,

8Galpin, S. L., Feldspar and Mica Deposits of Georgia: Georgia Geol. Survey,

" Bull 30, pp. 74-76, 1915.

“Named by George 1. Adams from exposures near Hollis, 6 miles southeast of
Opelika, Lee County, Alabama.

8A new name introduced here to include the schists and gneisses exposed between
Manchester and Warm Springs, Meriwether County, Georgia.
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mineralogy and texture under the influence of high temperatures and
compressive earth stresses. Typical minerals in the schist include
biotite, muscovite, garnet, graphite, feldspar, and kyanite. At a few
localities in Upson and Talbot counties, kyanite occurs in such con-
centration as to constitute possible commercial deposits.

The sedimentary series described above is intruded by igneous rocks,
mainly biotite augen gneiss and garnet-hypersthene granite. Thin
layers and stringers of pegmatite in places penetrate the schists parallel
to the schistosity. The metamorphic rocks are cut by northward-trend-
ing dolerite dikes of Triassic age.

TALBOT COUNTY

WGOODALL PROPERTY

Kyanite cccurs on lot 98, 283 district, Talbot County. The pro-
perty, owned by S. W. Woodall of Woodland, occupies a small valley, a
quarter mile south of Oak Mountain. It lies one and a half miles east
of Woodland, which is the nearest shipping point on the Atlanta, Bir-
mingham and Coast Railway. The kyanite-bearing schist crops out
a quarter of a mile west of Coleotchee Creek, and from 20 to 60 feet
above its level.

Oak Mountain is composed of Hollis quartzite which here strikes
N. 60°-85° E. and dips 40° to 60° S. The overlying Manchester forma-
tion comnsists mainly of fine-grained mica schist, in part graphitic, with
thin interbeds of garnet-biotite gneiss and quartzite. The schistosity
conforms in attitude to the Hollis quartzite, although in places it is
contorted and puckered into minute regular crenulations. The kyanite-
bearing schist occupies a position about 200 feet above the base of the
Manchester formation and is about 30 feet thick. In this zone the
schist contains quartz veins, pegmatite stringers and lenses, and thin
cherty-quartz layers crowded with small euhedral garnets. The peg-
matites, composed mainly of quartz, feldspar, and muscovite, are in
general less than 2 inches in width and conform to the schistosity of
the enclosing rocks.

Kyanite occurs in the pegmatite, quartz veins, and in the adjoining
schist. The crystals possess the typical bladed form with a white to
blue color. The surfaces of the crystals are commonly speckled with
small flakes of muscovite and graphite. The last-named mineral is pre-
sent in many of the thin quartz veins that contain no kyanite. Many of
the kyanite dornicks that lie about on the ground surface contain open
spaces into which prisms of kyanite project, but it is possible that these
cavities are secondary and due to the removal of kaolinized feldspar.

The large number of kyanite crystals that occur in the reddish-brown
residual soil on this property prompted the owner to cut a series of
trenches across the strike of the underlying rocks in order to determine
the abundance of the mineral in the schists. The sections thus displayed
show that the kyanite is not as abundant as surface indications might
lead ome to suspect. In a large measure it is restricted to thin lenses
of pegmatite and quartz. The sparse distribution of the kyanite through
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the schist does not offer much encouragement for further development.

GARRETT PROPIRTY

Kyanite is reported to occur on the south side of Oak Mount2in on
the east half of land lot No. 154, 22nd district. The property is 9 miles
west of Woodland and 5 miles southeast of Shiloh. The owner, C. E.
Garrett, of Woodland, reports that the crystals are fairly common on
the ground surface. Specimens from this locality are a dark-gray
kyanite whose color is determined by the abundance of included graph-
ite flakes. The crystals are grouped in fan-shaped aggregates, 1 to
114 inches in length. Further prospecting will be necessary to deter-
mine the extent and concentration of the mineral on this property.

UPSON COUNTY
RICHARDSON PROPERTIES

Kyanite occurs on a tract of land owned by M. Richardson on the
west slope of Pine Mountain, about a mile north of Crest. The prop-
erty extends eastward from the highway between Molena and Thomas-
ton, being 614 miles from Molena, and 1014 miles from Thomaston.
A spur of the Central of Georgia Railway, used mainly for freight,
extends from Crest to Thomaston.

Pine Mountain is a ridge of Hollis quartzite which froms a broad
Usshaped loop east of Crest. Kyanite oceurs in the ov
ter formation at approximately the same borizon as that on the Woodall
property in Talbot County. The formation is made up of fine-grained,
silvery mica schist in which biotite, muscovite, quartz, feldspar, and
garnet are the commonest minerals. Tourmaline needles and irregular
veinlets of pyrite, the latter partly altered to limonite, are locally
abundant in thin layers. The schist is everywhere deeply weathered to
a red to yellowish red soil. The ground surface is strewn with boulders
of quartz and quartzite, and here and there with kyanite crystals.

The only exposures of the kyanite-bearing rocks is in a small gully
on the edge of a field on lot 159, 15th district, a quarter of a mile west of
the Richardson residence. Here the schist strikes north and dips 10° W.
The kyanite occurs mainly in quartz veins and most abundantly near
the margins of the veins. The crystals are in part coated with flakes of
muscovite and graphite. Many of the kyanite blades have nearly
square cross-section with average dimensions of 2 inches in length,
half an inch in width, and slightly less than half an inch in thickness.
Wedge-shaped aggregates with drusy open spaces, possibly of secondary
origin, are not uncommon. Some of the crystals arebent and a few are
broken and healed with quartz.

The lack of prospecting on this property prohibits an estimate of
the value of the kyanite deposits. A ten-pound sample of weathered
schist, stained red by iron oxides, was crushed and washed by panning,
but only a few kyanite crystals were thus obtained. Practically all
the kyanite appears to be restricted to the quartz veins which are but
sparsely distributed through the schist. Due to the paucity of ex-
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posures the extent of the kyanite along the strike is undetermined. In
view of these facts it seems doubtful if kyanite can be profitably re-
covered at this locality.

Half a mile east of the Richardson residence on lot 148, 15th district,
erystals of kyanite are abundant in the stony soils on the lower slope
of Pine Mountain. The mineral is said to occur sporadically along the
mountain slope to within a short distance of Crest. A few test pits dug
on the hillside reveal much-weathered mica schist striking N. and
dipping westward. Several samples of the schist were crudely washed
by Mr. Richardson and in all cases he obtained numerous small erystals
of kyanite. '

Prospecting of this property has not yet revealed any great concen-
tration of kyanite. The mineral is certainly widely distributed through
the rocks and it is possible that further search may bring to light de-
posits that can be profitably mined. Special consideration should be
given to alluvial and colluvial deposits near the base of Pine Moun-
tain, for it is in such accumulations that kyanite is commonly con-
centrated.

SMITH PROPERTY

Crystals of kyanite occur surficially half a mile west of Crest, on the
western part of lot 180, 15th district. The property owned by Mr.
George B. Smith of Crest, is crossed by a tributary of Hurricane Creek.
The underlying rocks, as exposed on the public road, 200 yards north
of the locality where kyanite was found, consist of silvery garnet-mica
schist with thin layers of dark biotite gneiss and black graphitic schist.
The schistosity strikes N. 20° E., and dips 10°-45° E. A few small
pegmatite lenses are interlayered conformably in the schist.

No attempt has been made to determine the extent of the kyanite-
bearing rocks at this locality. Surface showings, bowever, offer little
promise of any rich deposits that are now concealed.

CHERRY PROPERTY

The Dolly Cherry property, consisting of lot 86, 16th district, 814
miles southwest of Thomasten, is on a rolling upland between Bell:
Creek on the east and Potato Creek on the west. Deep residual soils
conceal the bed rock. Many fragments of medium-grained feldspathic
biotite gneiss, all considerably weathered, are scattered over the ground
surface and indicate the prevailing rock type. Similar gneisses, some
containing feldspar “eyes,” are exposed along roads to the southwest
and northeast. Fragments of mica schist are associated with the
kyanite and it seems probable that the mineral is derived from a schist
similar to the Manchester schist in the northern part of the county.

Kyanite is scattered over the ground surface in a zone 60 feet wide
and at least 500 feet long. The zone strikes N. 45° E., conformable to
the prevailing structural trend. The kyanite crystals are stout prisms
with average dimensions of 1.2 inches in length, 0.3 inches in width,
and 0.2 inches in thickness. [ Many are bent and some are crinkled into
little folds. Most of the crystals occur within an inch of the soil surface.



36 KYANITE DEPOSITS OF GEORGIA

In an area of average concentration, 4 square feet yielded 5 ounces of
the mineral, and a richer area of the same size yielded 9 ounces. From
about a cubic foot of soil weighing 82 pounds, 12 ounces of kyanite were
obtained by washing.

Although the Cherry property has not been prospected, the abun-
dance of kyanite on the surface invites development. 7The mineral
appears to have been derived from a mica schist containing garnet and
staurolite, which probably forms a lenticular area in biotite gneiss.
Further search should be directed toward the continuation of the kyanite
zone to the southwest. It is possible that the mineral may be found in
greater concentration in alluvial deposits near Potato Creek.

KYANITE IN FULTON COUNTY
by Geoffrey W. Crickmay
GENERAL FEATURES

The northern part of Fulton County consists of a rolling upland,
the Atlanta Plateau', whose altitude ranges from 1,000 to 1,100 feet
The upland is crossed by Chattahoochee River, which has intrenched
itself in a valley 200 to 300 feet deep. The evenness of the upland
is broken by a number of low quartzite ridges which trend in a north-
east direction, revealing the strike of the underlying rocks.

The arex is underlain by the pre-Cambrian Carolina series, Whlch
here consists of medium-grained biotite gneiss, biotite schist, and
quartzite. The prevailing dip is 25°-70° SE. but the regional trend is
commonly obscured by local contortions. The sedimentary metamor-
phic rocks are intruded by masses of granite guneiss, from which thin
stringers of granite and pegmatite extend into the invaded rocks par-
allel to their schistosity.

CARTER PROFERTY

Kyanite occurs on lot 35, 17th district, Fulton County, owned by
T. M. Carter. The property is on the north side of the Dunwoody-
Sandy Springs road, 134 miles southwest of Dunwoody. It is 6 miles
N. NW. of Chamblee, the nearest shipping point on the Southern Rail-
way, and 12 miles north of Atlanta.

Kyanite is freely scattered on the ground surface in a belt 820 feet
wide that extends from the Carter residence for at least 600 feet to the
northeast. These surface crystals mark a zone of kyanite-garnet-mica
schist which strikes N. 30° E. and dips 20°-35° SE. The kyanite occurs
as small blades in mica schist, oriented paralled to the direction of
schistosity, and as pencil-shaped crystals in narrow pegmatite and
quartz veins that penetrate the schist. The kyanite in the quartz has
a strong tendency to be grouped in layers and oriented parallel to the
margins of the veins. The kyanite-bearing rocks are bounded on the

1LaForge, Laurence, Physical geography of Georgia—The central upland:
Georgia Geol Survey, Bull. 42, pp. 69-74, 1925.
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southeast by quartzite and quartz-mica schist that form a low ridge
whose crest is marked by the public road. It is possible that the quart-
zite, on account of its topographic expression, will prove valuable in
tracing the kyanite zone where outcrops are absent.

Although the Carter property has never been thoroughly prospected,
it is thought that surface indications justify further development.
There is insufficient concentration in the residual soil to warrant re-
covery of kyanite from that source alone, but the schist of the bedrock
is so completely weathered that little difficulty should be encountered in
crushing and screening. The kyanite appears to be confined to thin
layers separated by barren schist. It is important, as a first step, to
determine the abundance of these kyanite-rich layers so as to evaluate
the possible recovery from the whole zone. Concentration of the min-
eral by washing will necessitate a good supply of water which can not be
obtained close at hand. Marsh Creek, a small tributary of Chatta-
hoochee River, lies half a mile to the north and is the nearest contin-
uously flowing stream.

ORIGIN OF KYANITE
by Louis M. Prindle

Kyanite in north Georgia occurs in schists of sedimentary origin and
as magssive kyanite in veins. At Graves Mountain it occurs in quartzite.
At Dahlonega it is associated with sulphides in gold quartz veins.

When rocks are folded, overturned, and thrust one upon another the
conditions of temperature and pressure undergo great changes, and min-
erals become transformed to others in closer equilibrium with the new
conditions. Orogenic stress has been emphasized by Niggli* as an
activating cause to bring about such transformations. Kyanite as a
mineral resulting from regional metamorphism could thus be developed.

The increased pressures and temperatures due to the influence of
intruding masses of igneous rocks also brings about changes in mineral
composition partly by transforming material already present and
partly by introducing new material. The influence of hydrothermal
metamorphism has been far-reaching and regional metamorphism and
hydrothermal metamorphism grade into each other’.

The evidence available indicates a hydrothermal origin for the
massive kyanite. It is associated with corundum, sillimanite, and
tourmaline in a series of rocks ranging from pegmatites to quartz veins.
The wide distribution of tourmaline in the western counties of Georgia
and its presence in some places in impressive quantities afford evidence
of extensive hydrothermal action. It is believed further that to this
action has been largely due the migration of kyanite material in the

INiggli, Paul, Sachs. Gessell. Wiss., Math. phys. Kl.,, Ber. u. d. Verh., Band
76, p. 226, 1915.

?Daubree, M., Etudes et experiences synthetiques sur le metamorphisme et
sur la formation des roches cristalhnes: Annales des mines. Mem., 5th
ser., vol. 16, p. 455, 1859.
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schists to form the massive kyanite in the veins. This is suggested
in the above quotation from Bayley, where he states that the kyanite
“has replaced the quartz in consequence of reactions between the silica
and the aluminous components of the schists.” The same may be true
of the quartz-kyanite-graphite veins where carbonaceous material from
the enclosing carbonaceous schist may have migrated along with the
kyanitic material to form the graphite of the veins®.

ECONOMIC POSSIBLITIES OF KYANITE IN
GEORGIA

The development of a kyanite-mining industry in Georgia appears to
be dependent for the most part upon the kyanite available in the schists.

The placer deposits that are being mined near Clarkesville contain
a sufficient supply to last for several years at the present rate of mining.
The placer deposits in the northern part of the belt on Sawmill, MeClain,
and Stonewall Creeks, in the Nantahala National Forest, contain a
noteworthy additional supply of placer kyanite.

The localities best situated for hard-rock mining are those in the
highland areas from Rapor Creek north, where the streams have cut
deep, steep-walled valleys across the belt. Opportunity is thus afforded
for mining operations parallel with the strike of the schist, with a water
supply favorable for such operations:. : :

Massive kyanite is widely distributed, but so far as known it occurs
in many scattered small veins only a few feet thick. The distribution
in the individual veins is such that parts of a vein may be found to be
rich in kyanite and other parts comparatively barren. Although hun-
dreds of pounds may be recovered from such occurrences, the pockety
habit precludes reliance upon the massive kyanite for a constant supply.

In case supplies of massive kyanite should become available, the
treatment of massive kyanite imported from India by the Chas. F.
Taylor & Sons Co., of Cincinnati, Ohio, is of interest. This treatmen
has been described by Riddle® as follows: :

“The ore is shipped to Cincinnati, Ohio, in the original boulder form. There the
boulders are piled into a round down-draft brick kiln and calcined to a temperature
well above the conversion temperature of cone 12. Calcining the ore requires sev-
eral days and not only produces a2 product that will be free from any conversion
volume changes in later burns but also breaks up the boulders so that they are
easily crushed and ground to desired sizes for manufacturing purposes.”

ADAPTABILITY

The wide distribution of kyanite gives assurance of quantity, but the
low content of kyanite in the rock necessitates the handling of much

1Winchell, A. N., A theory for the origin of graphite as exemplified in the graph-
ite deposit near Dillon, Mont.: Econ. Geology, vol. 6, pp. 218-230, 1911.

2Riddle, F. H., Mining and jtreatment of the sillimanite group of minerals and
their use in ceramic products: Am. Inst. Min, Met. Eng. Tech. Pub.
460, pp. 13-14, 1932.



ADAPTABILITY 39

waste material. . For this reason efficient low-cost methods of mining
and treatment will be necessary. Important work along this line is
being accomplished by the United States Bureau of Mines. The pre-
liminary results of their experiments are given below.

With the solution of the problems of mining and concentration the
qualities of the mineral itself come into play. A difficulty that has been
encountered with kyanite is the expansion it undergoes when heated
to high temperatures. This has been emphasized by Greig' as follows:

“The expansion of cyanite during the alteration to mullite and silica is so great
that any ware made largely from this mireral would probably be shattered on firing.
The difficulty may be overcome by changing the mineral to mullite and silica before
forming it into ware.”

He states further that a few minutes at temperatures above 1,400° C.
will suffice to change the mineral to mullite and that as the material
then becomes friable it can be more easily ground.

A conspicuous quality of kyanite is its perfect cleavage and tendency
to break into fibers repeating to a microscopic degree the shape of the
original crystal. The fibrous rocks are in general the toughest, and it
would appear that the fibrous character of kyanite would perhaps
be one of its most valuable properties with reference to its adaptability
for various present uses or uses that may develop.

Advantage has been taken of this fibrous character by the Vitrefrax
Corporation in California in its applications of the ore at Ogilby, Calif.,
described by Riddle® as follows:

“One industrial application of the product takes advantage of the fact that small
needlelike grains of the ore swell slightly and elongate considerably on conversion.
If incorporated in a ceramic body prior to elongation, they elongate during firing
and increase the mechanical strength of the body. The crystals work best if they
are heated just below the conversion point and then incorporated.”

The importance of the fibrous structure is further emphasized in an
important article by Curtis®.

The useful properties of kyanite have been summarized by Watkins*
as follows:

“It has been found that the properties which make kyanite valuable as a con-
stituent in refractory and porcelain bodies are (1) its high melting point, (2) high
thermodielectrical resistance, (3) low coefficient of expansion, and (4) its resistance
to the corrosive action of certain fluxing agencies and furnace gases.”

1Greig, J. W., Formation of mullite from cyanite, andalusite, and sillimanite:
Am. Ceramic Soc. Jour., vol. 8, p. 482, 1925.

tRiddle, F. H., op. cit. p. 12.

3Curtis, T. S., The physical structure of refractory materials: Am. Ceramic
Soc. Jour., vol. 11, pp. 904-916. . =

‘Jonas, A. I, and Watkins, J. H., Kyanite in Virginia: Virginia Geol. Survey
Bull. 36, p. 44, 1932.
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BENEFICIATION OF KYANITE!
by B. W. Gandrud®

An investigation is being made by the United States Bureau of Mines
at its Southern experiment station to determine the possibility of re-
covering a commercial-grade kyanite from kyanite-bearing schist. The
(ére samples being used were collected by the United States Geological

urvey.

The only sample of kyanite ore on which ore-dressing tests have
been completed contains kyanite crystals loosely embedded in a mica-
ceous kyanite-garnet schist. Apparently it is representative of a num-
ber of samples that have been received for test. The ore contains about
4 per cent of kyanite, with a gangue composed mainly of mica, quartz,
graphite, pyrite, garnet, and an oxidized iron mineral.

The ore is easily crushed; grinding in crushers, rolls, or ball mills is
selective. The kyanite resists breaking and concentrates in the coarser
sizes, while the micaceous gangue crumbles and segregates in the finer
material. When the individual grain size of the mica is reached the
grinding becomes difficult, but at this point the kyanite has already
been liberated.

Float and sink and sizing tests have given considerable data on the
physical character of the ore. A small amount of coarse, free kyanite,
which sinks in & liquid of 3.8 specific gravity, is liberated in the size
minus 0.871-inch plus 8-mesh. Material coarser than 8-mesh contains
a large proportion of locked kyanite, most of which is freed by crushing
through 6-mesh. The maximum mean size of the garnet is about 14~
mesh; sizes coarser than this sinking in a liquid of 3.3 specific gravity
contain little garnet, whereas the finer material contains appreciable
garnet.

The ore is amenable to hydraulic classification and table concentra-
tion. The coarser spigot products of a classifier are markedly enriched
in kyanite. The proportion of this mineral decreases rapidly from the
coarse to the fine spigots, and the proportion of garnet and sand in-
creases. The overflow is largely mica, with some fine sand, garnet, and
iron; it can be rejected as a tailing.®

In preliminary table tests on spigot products a large amount of tailing
was rejected, a concentrate was recovered, and a middling was collected
for re-treatment. The middling was “tumbled” in a ball mill, classified,
and tabled, and products were obtained that were comparable to those
separated in the primary tabling. The recovery and grade of con-
centrate that are possible have not been determined, but concentrates
containing about 90 per cent of kyanite were produced. The tabling of

1Published by permission of the Director, U. S. Bureau of Mines (not subject
to copyright). .
2Supervising engineer, Southern experiment station, U. S. Bureau of Mines,
Tuscaloosa, Ala.
¥Note: The State Geologist wishes to call attention to the possibly of récovering
a by-product of fine mica suitable for use in the manufacture of artifical roofings.
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the finer sizes, in which both the kyanite and the gangue mineral are
liberated, showed a good separation. The mica was obtained nearest
the head motion end of the table, then the sand, next the kyanite, and
finally, bigh up on the concentrate end, was a zone containing a large
proportion of pyrite, oxidized iron, and garnet. The efficiency of re-
moval of these last-named constituents has not been determined.

Flotation tests have been made on a kyanite product from laboratory
table concentration. The graphite and pyrite were floated first, and
then the kyanite. A clean concentrate was recovered, and mica, garnet,
and various gangue minerals were depressed in the tailing.

The detailed results of those experiments will be published later by
the United States Bureau of Mines.

VYERMICULITE
by Louis M. Prindle and Richard W. Smith

INTRODUCTORY STATEMENT

The term ‘“‘vermiculite” is applied to a group of hydrous micaceous
minerals which, when heated to red heat or above, expand or exfoliate
to a very light, fluffy material. Tt is this spectacular power of expansion,
often resulting in a material weighing only 5 to 10 pounds per cubic
foot, which gives it the name of “vermiculite,” meaning “to breed
worms.” This exfoliation is probably due to the chemically-combined
water being suddenly turned to steam, forcing apart the microscopic
flakes or plates of which the material is composed. The expansion is
always at right angles to the cleavage. Most varieties of vermiculite
are of a brown or bronze color which brightens on exfoliation.

USES

Vermiculite, like kyanite, is another example of a mineral long known
in mineral collections, but considered valueless until recent uses have
brought it into commercial prominence. The uses to which exfoliated
vermiculite has recently been put may be listed under two groups:
first, those dependent on the bright bronze color of the material; and
second, those dependent upon its extreme lightness and its heat-in-
sulating and acoustical properties.

The brighter colors of ground and exfoliated vermiculite may be
used in pigments and inks in place of powdered bronze. It is stated!
that the bronze-colored background on the packages of a popular
brand of cigarettes is printed with an ink made from vermiculite powder.
The material may also be used as a paint pigment or kalsomine by
tinting to the desired color, and is used as a decorative material on wall
paper.’

1Smith, R. W., Vermiculite, the heat insulator of tomorrow: Forestry-Geolog-

ical Rev., Yol 4, no. 5, p. 7 Atlanta, Georgla, May, 1934.
2Petar, A. V., Vermxcuhte U. S. Bur Mines, Information Circ. 6720, p. 2,

May, 1933,
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The exfoliated vermiculite is an excellent heat insulator. When
used to fill the hollow spaces in walls and over ceilings it is said to make
houses warmer in winter and cooler in summer. Manufactured into
insulating boards, it can be used between two sheets of metal in the
form of standard units for the pre-fabricated metal houses of the future
that were predicted by the exhibits at the Century of Progress Exposi-
tion at Chicago. Similarly, it can be used to insulate air-conditioned
Pullman cars, refrigerators, ovens, fireless cookers, incubators, etc.
Vermiculite has the added advantage of being fireproof. Insulating
board made from vermiculite is said to stand exposure to 1,700° F.
without any appreciable expansion or contraction.! ‘

Heat-insulating bricks made by using a suitable binder with exfoliate
vermiculite can be used with a fire brick lining in boiler settings and
furnaces with a considerable reduction in the weight and thickness of
the walls necessary. Plastic cements containing vermiculite have good
insulating qualities. Pipe and boiler coverings containing expanded
vermiculite are said to be lighter in weight and more effective than with
asbestos.

Wall board and wall plasters using exfoliated vermiculite are not
only fireproof but are said to have excellent acoustic properties, making
them of value in the construction of theaters, moving picture studios,
apartments, ete.

The lubricating qualities of vermiculite are.said to be comparable
to those of flake graphite. It also has the property of coagulating or
hardening oils so that it may be used instead of aluminum stearate,
and at the same time serve as a valuable lubricant.’

ORIGIN

Vermiculite is commonly associated with intrusions of ultra-basic
igneous rocks composed largely of pyroxene or olivine, such as pyrox-
enites and dunites. The deposits at places form a zone.or envelope’
of alteration products surrounding the basic intrusion or occurring as
irregular veins within the intrusion. The pure vermiculite is in dis-
continuous vertical layers or streaks up to a few feet in thickness, sur-
rounded by clay containing flakes of vermiculite, chloritic material,
and other alteration products. Corundum is very common. Small
pegmatite streaks and ‘“‘veins” parallel to the schistosity are numerous.

The commercial vermiculite appears to be a product of hydrothermal
alteration of biotite mica. The biotite loses its elasticity and its glisten-
ing black color and becomes a golden yellow or bronze color. The final
stages of the basic intrusion probably brought in heated mineralized
waters that altered the surrounding rocks and perhaps portions of the
basic intrusion. It is not known whether or not the alteration to
vermiculite was completed at this stage. It is possible that the hydro-
thermal alteration accomplished by the waters accompanying the basic

1Petar, A. V., Op. cit,, p. 2.
2Petar, A. V., Op. cit,, p. 3.
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intrusion simply formed an envelope of such products as muscovite,
biotite, and chlorite schists which were later altered to vermiculite by
heated waters that accompanied the intrusion of pegmatites. It is
noteworthy that near Gladesville in Jasper County, Georgia, a large
pegmatite dike contains crystals of biotite mica an inch or two across
which have been altered to vermiculite.

OCCURRENCE

The largest known deposit of vermiculite is near Libby in north-
western Montana. This deposit, according to descriptions’, is associated
with an area of pyroxenite, 8314 miles long and 114 miles wide. The
rock ranges in character from one made up almost entirely of pyroxene
to one composed mostly of biotite. The biotite has been altered to
vermiculite on a large scale by hot solutions. At the time the descrip-
tions referred to were written, the Zonolite Company had exposed one
body of vermiculite 1,000 feet long, 100 feet wide, to a depth of over
100 feet.

Other deposits have been found in Montana and in Wyoming and
Colorado.

NORTH CAROLINA

Deposits of vermiculite have been found at a number of places in
North Carolina. Several of these deposits are described below.

The corundum deposits at Corundum Hill, about 9 miles southeast of
Franklin in Macon County, N. C., were described by Pratt and Lewis’
who noted the association of the corundum with vermiculite in a zone
of alteration products surrounding the dunite intrusion. Several car-
loads of vermiculite were mined from this deposit in 1934 by the Geor-
gla-Carolina Minerals Corporation of Franklin, N. C. The vermiculite
at one place was found to be in the form of a vertical tabular body six
feet in thickness. It was succeeded still farther away from the dunite
by chloritic material of variable composition.

Vermiculite has also been found in an old corundum mine on Com-
missioner Creek in Macon County, N. C., a short distance north of the
Georgia state line on the Clayton-Franklin highway. Recent mining
has exposed a deposit of the vermiculite several feet thick in contact
with a massive basic rock. Philip 8. Hoyt, manager of the Georgia-
Carolina Minerals Corporation, reports® that the basic intrusion has
been traced southwestward to the upper valley of Betty Creek in
Georgia where vermiculite has also been found.

1Pardee, J. T., and Larsen, E. S., Deposits of vermiculite and other minerals in
the Rainy Creek Cistrict, near Libby, Montana: U. S. Geol. Survey Bull.
805, pp. 17-28, 1929. ST

The stock of alkaline rocks near Libby, Montana: Jour. of Geology, vol. 37,

pp- 97-112, 1929. .

*Pratt, J. H., and Lewis, J. V., Corundum and the peridotites of western
North Carolina: North Carolina Geol. Survey, vol. I, 1905.

*Personal communication. :
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Similar deposits of vermiculite are known to occur in the Shooting
Creek section of Clay County, N. C. Some of these appear to be a
continuation of the vermiculite deposits of Towns County, Georgia,
described below.

DISTRIBUTION IN GEORGIA

Outcrops of ultra-basic rocks of the type associated with the known
deposits of vermiculite occur at many places throughout the Piedmont
plateau and mountain sections of Georgia and have been described in
connection with the corundum deposits' and the deposits of asbestos,
tale, and soapstone’. They are especially abundant in a belt that
enters the State from Alabama in Troup and Harris countles and ex-
tends northeastward, entering North Carolina from Towns and Rabun
counties. Vermiculite has been found with these basic rocks at many
localities, for example, near Atlanta, Hapeville, Newnan, and Warm
Springs, but the only known deposits of sufficient purity to be of possible
commercial value are in Towns and Rabun counties.

TOWNS COUNTY

JETHRO BURRELL PROPERTY

Considerable prospecting for vermiculite has been done on the prop-
erty of Jethro Burrell near the mouth of Scattaway Creek, about five
miles east of Hiwassee on the Hiwassee-Clayton highway (plate VII).
The deposits are in a rock of igneous origin so thoroughly altered that
it is difficult to tell the nature of the original rock. The decomposed
bedrock is soft enough to be cut almost like cheese. It is a reddish
brown color, mottled with white derived apparently from pegmatitic
material. A pegmatite dike, also decomposed, cuts across the other
material with a strike N. 70° W. and a dip 45° SW. Patches and flakes
of vermiculite are distributed irregularly through the reddish mottled
material, some of the flakes being two inches or more in diameter.
They appear to be larger near the pegmatite dike, but the exposures
are not extensive enough to tell whether this was general or merely
local. The proportion of vermiculite is not great, judging from the
sparsely disseminated flakes, and it would be necessary to handle &
large amount of material to obtain a small amount of vermiculite.

The trend of these rocks is northeast and they were followed for a
mile to the point where they cross a road about a quarter of a mile
north of the highway. A cross section of the beds exposed in the road
showed a little vermiculite at intervals over a distance of 100 feet.
Further prospecting throughout this area might possibly disclose  a
larger deposit. ‘

1Kin§, F. P., The corundum deposits of Georgia: Georgia Geol. Survey, Bull.

, 1894,

*Hopkins, O. B., A report on the asbestos, talc, and soapstone deposits of Georgia:
Georgia Geol. Survey, Bull. 29, 1914,
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LEMONS GAP

Vermiculite has been found on the Cozad Estate at Lemons Gap on
the high ridge between Hightower Creek and Shooting Creek, about
seven miles in a straight line northeast of Hiwassee. The locality
may be reached by a road up Hightower Creek to the foot of the ridge,
thence by a trail up the steep slope of the ridge some 800 feet above the
valley and westward for a mile along the ridge to Lemons Gap. The
Gap may also be reached from the north by a trail that climbs over 1,200
feet from the settlement on Giesky Branch of Shooting Creek in North
Carolina. The narrow, level-topped ridge, cut by the depression known
as Lemons Gap, trends N. 27° E. and merges with higher ridges and
peaks to the northeast and southwest.

The ridges are underlain mainly by biotite gneisses, the gneissic
structure trending N. 30° E. at the gap and dipping 25° SW. Fresh
bornblende gneisses are present in the southwest part of the gap. A
short distance farther along the ridge line to the northeast areas of
partly altered rusty dike material alternate with areas of vermiculite.
The width of this assemblage on the ridge line is about 80 feet. Vermicu-
lite can be traced down the slope to the north a distance of 300 feet, a
vertical distance of 30 feet. Farther down the slope briars, bushes, and
timber bury the bedrock.

Several small prospect holes have been dug near the ridge. Some of
these show a good grade of vermiculite. At other places much partly-
altered rock is present with the vermiculite. The vermiculite appears
to be a product of hydrothermal metamorphism and a continuation in
depth would be expected. The altered rock contained no mica and no
vermiculite but a considerable amount of iron, and the large quantity
of this barren rock would detract from the value of the deposit. The
amount of the original rock from which the vermiculite has been de-
rived also seemed to be limited. This locality, therefore, can hardly
be regarded as a dependable source for a supply of vermiculite.

The vermiculite at Lemons Gap appeared to be cut off to the south-
west by the hornblende gneisses. It has been traced northeast into
North Carolina along a line trending N. 20° E. Norman S. Poole of
Hiwassee, who prospected the deposits at Lemons Gap, has found
vermiculite at several localities at intervals over a distance of four miles
in the area drained by Giesky Creek, a tributary of Shooting Creek.

RABUN COUNTY

LAUREL CREEK

A large part of the corundum at the famous Laurel Creek corundum
mine in the northwestern part of Rabun County, 15 miles west of Clay-
ton, was embedded in a matrix of vermiculite in a zone of alteration
products surrounding the peridotite mass and in irregular veins cutting
through the peridotite. The early corundum miners took advantage
of the exfoliation of the vermiculite and its consequent light weight to
clean the corundum. The ore from the mine was fed through a crude
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furnace, the heat of which expanded the vermiculite and the draft
carried it out the stack, the corundum being discharged through the
bottom of the furnace. No vermiculite is now exposed in the old work-
ings, and the remaining deposits may be deeply buried.

BETTY CREEK

A little vermiculite has been found in the upper valley of Betty
Creek, west of the Clayton-Franklin Highway, along the line of strike
of the deposits on Commissioner Creek in North Carolina (see page 43).
The extent of the deposits is not known.

. SUMMARY

The localities deseribed above at which vermiculite has been pros-
pected in Georgia do not give much promise of deposits of commercial
vermiculite of any size. It should be noted that the deposits in Towns
County and those in North Carolina are nearly all on the same line
trending northeast and southwest. It is possible that deposits in Geor-
gia of more commercial importance may be found within this zone.

The vermiculite that has been mined and sold in North Carolina has
been pure enough to be marketable after being mined by hand methods
which allow a separation of the pure material from the inferior grades,
followed by air-drying of the material. Considerable commercial ma-
terial could probably be recovered from the deposits thusfar discovered
in Georgia by some washing process that would remove the clay, sand,
and other impurities, but such a process would probably increase the
cost of mining and recovery to a point at which the commercial vermi-
culite could not compete with that from the western deposits. The
future of the vermiculite industry in Georgia probably depends on the
discovery of deposits sufficiently pure to be marketed without an ex-
pensive treatment process before expansion. The expansion of the
vermiculite must be done near the point of consumption as the ex-
foliated product is too bulky to stand shipment for long distances.
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